Accumulating evidence indicates that Reversion-inducing cysteine-rich protein with Kazal motifs (RECK), a membrane-anchored matrix metalloproteinase regulator, plays crucial roles in mammalian development and tumor suppression. Its mechanisms of action at the single cell level, however, remain largely unknown. In mouse fibroblasts, RECK is abundant around the perinuclear region, membrane ruffles and cell surface. Cells lacking Reck show decreased spreading, ambiguous anteriorposterior (AP) polarity, and increased speed and decreased directional persistence in migration; these characteristics are also found in transformed fibroblasts and fibrosarcoma cells with low RECK expression. RECK-deficient cells fail to form discrete focal adhesions, have increased levels of GTP-bound Rac1 and Cdc42, and a marked decrease in the level of detyrosinated tubulin, a hallmark of stabilized microtubules. RECK-deficient cells also show elevated gelatinolytic activity and decreased fibronectin fibrils. The phenotype of RECK-deficient cells is largely suppressed when the cells are plated on fibronectin-coated substrates. These findings suggest that RECK regulates pericellular extracellular matrix degradation, thereby allowing the cells to form proper cell-substrate adhesions and to maintain AP polarity during migration; this mechanism is compromised in malignant cells.
Introduction
Reversion-inducing cysteine-rich protein with Kazal motifs (RECK) was identified as a transformation suppressor gene by cDNA expression cloning (Takahashi et al., 1998; Noda et al., 2003) . RECK expression is reduced in tumor tissues, and a higher level of residual RECK expression correlates with better prognosis in a wide variety of solid tumors, including those of the lung (nonsmall cell), colorectal, breast and pancreas . In animal transplantation experiments, restored expression of RECK in cancer cell lines resulted in reduced angiogenesis, invasion and metastasis (Takahashi et al., 1998; Oh et al., 2001) .
RECK encodes a glycosylphosphatydilinositol (GPI)-anchored glycoprotein, which regulates at least three cancer-associated matrix metalloproteinases, MMP-2, MMP-9 and MT1-MMP (Takahashi et al., 1998; Oh et al., 2001) . Other extracellular metalloproteinases such as ADAM10 and CD13/ aminopeptidase N (Miki et al., 2007) have also been identified as targets of RECK.
RECK-deficient mice die around embryonic day 10.5 (E10.5), with reduced integrity in various tissues including blood vessels, the neural tube and the mesenchyme (Oh et al., 2001; Muraguchi et al., 2007) . In these mice, MMP activity is elevated, and the amount of fibrillar collagen is dramatically reduced; the phenotype is partially rescued by introducing a mutation in the Mmp-2 gene (Oh et al., 2001) , showing a functional interaction between RECK and Mmp in vivo. RECK is also abundantly expressed in developing skeletal muscles, neuromuscular junctions and cartilage (Echizenya et al., 2005; Kondo et al., 2007; Kawashima et al., 2008) .
Despite these findings in vivo and at the molecular level, little is known about the functions of RECK at the single cell level. Such knowledge would be valuable in understanding why tumors with lower RECK tend to be more aggressive. To address this issue, we examined the subcellular distribution of RECK in normal fibroblasts and compared the properties of mouse embryo fibroblasts (MEFs) with and without a functional RECK gene.
Results

Subcellular localization of RECK in fibroblasts
Immunofluorescent staining of NIH3T3 (a MEFderived cell line) with anti-RECK antibodies produced relatively abundant signals around the perinuclear region ( Figure 1a ). When a RECK protein tagged with green fluorescent protein (GFP-RECK) was expressed in NIH3T3 cells, a similar distribution pattern was observed ( Figure 1b ). In addition, due to the increased signal clarity of the GFP-RECK signal, RECK can be seen concentrated around membrane ruffles (also see Supplementary Movie 1). Finally, in cells expressing DsRed, to give increased contrast to the GFP-RECK signal, RECK can also be seen along the ventral cell surface (Figure 1c ). When NIH3T3 cells were incubated in the medium containing phosphatidylinositol-specific phospholipase C (PI-PLC), which cleaves the GPI anchor, a timedependent increase in the amount of RECK protein released into the culture supernatant was observed ( Figure 1d , left part). This increase was accompanied by a concomitant decrease in the intensity of the upper RECK band, which corresponds to the highly glycosylated mature form of RECK (Simizu et al., 2005) in cell lysates. These results suggest that a substantial fraction of mature RECK became exposed to the extracellular environment during the 4 h incubation period.
Morphology and behavior of RECK-deficient fibroblasts
To examine the effects of RECK on cell behavior, we established several clonal MEF lines from wild type mice (wt) and from mice lacking a functional RECK gene. We then infected the mutant lines with a vacant retroviral vector or a vector containing a human RECK cDNA to establish several matched pairs of RECK-deficient (R À ) MEF lines and their RECKreconstituted (R þ ) counterparts. The levels of RECK expression in these MEF lines were examined by immunoblot assay (for example, Figure 2a ). When plated on regular tissue culture dishes and compared with wt or R þ cells (Figure 2b ), two morphological features of the R À cells became evident. First, the area occupied by each cell was significantly smaller (that is, lower degree of spreading) in R À cells than in wt or R The cells were plated and, after adhesion, incubated for 0.5-4 h in serum-free medium containing PI-PLC at indicated concentration. Culture supernatant (lanes 1-10) and cell lysates (lanes 11-20) were subjected to immunoblot assay using an anti-RECK antibody (top panel) followed by re-probing with an anti-a-tubulin antibody (bottom panel). Note that when the cells were incubated with 50 mU PI-PLC, the intensity of the RECK band in the culture supernatant increased progressively up to 4 h (for example, lanes 2-5), whereas the RECK band (especially the upper band of the RECK doublet) in cell lysates became fainter (lanes 12-15). The effects were not enhanced when higher dosage of PI-PLC was used (lanes 6-10 and 16-20) .
for the anterior side) (Mellor, 2004; Preisinger et al., 2004) (Figure 2b , panels 4-6). Similar morphological features were found in four independent R À lines, as compared to their RECK-reconstituted counterparts, and two MEF lines derived from RECK-floxed mice after acute deletion of RECK in vitro, as compared to the parental lines (data not shown). These findings indicate that RECK promotes cell spreading and enables the cells to exhibit clear AP polarity. We also subjected these cells to a chemotaxis assay in Dunn Chemotaxis Chambers (Zicha et al., 1991) , using platelet-derived growth factor (PDGF) as a chemoattractant. Although R À cells largely retained their chemotactic ability (Figure 2e ), they migrated more rapidly ( Figure 2g , bar 2) and changed their directions more frequently and acutely (that is, reduced directional persistence) than wt or R þ cells (Figures 2f and h ). As AP polarity would be required for chemotaxis, the ambiguous polarity of R À cells found in still images (for example, Figure 2b ) probably reflected the frequent changes in direction rather than loss of polarity. Nevertheless, these data show that the lack of RECK has a significant impact on the behavior of fibroblasts. (Figure 3d bars 1 and 2) . Second, these cells also exhibited a higher speed of migration but a lower directional persistence in migration (Figures 3e and f, bars 1 and 2). Hence, the behavior of ras/NIH3T3 cells is similar to the behavior of R À MEFs. This, however, may not be entirely due to the loss of RECK expression, as activated ras has diverse effects besides RECK downregulation.
The human fibrosarcoma-derived cell line, HT1080, harbors a mutant NRAS gene and shows barely . In (c, g and h), the differences between bars 1 and 2 and between bars 2 and 3 were found to be statistically significant (Po0.05: Student's t-test). In (c-f), the differences between bars 1 and 2 and between bars 3 and 4 were found to be statistically significant (Po0.05: Student's t-test).
Functions of RECK in fibroblasts Y Morioka et al found in retraction fibers) rather than flat flairs (as found in leading processes), and the amorphous, motile GFP-vinculin signals are associated with these processes. Thus, altered FA dynamics seem to underlie the characteristic morphology and behavior of R À cells.
FAK, Rho family small GTPases and detyrosinated tubulin in RECK-deficient fibroblasts
To gain insight into the molecular mechanisms underlying the altered behavior of R À cells, we examined the activation of FA kinase (FAK), a major signaling molecule associated with FAs, using phospho-FAKspecific antibodies. When suspended cells were plated onto tissue culture dishes, the level of activated FAK became elevated to a similar extent (15-20-fold) Figure 4b , panels 4-6), indicating that the diffuse and motile paxillin/vinculin-positive structures were still capable of activating FAK and that its distribution and/or motile state, rather than net activity, may be more relevant to the phenotype.
Rho-family small GTPases have been implicated in cell polarity and actin dynamics. We therefore determined the proportion of active (GTP-bound) forms of three Rho-family members (that is, RhoA, Rac1 and Cdc42) abundantly expressed in MEFs. Significant increases in Rac1 and Cdc42 activities, but not RhoA activity, were detected in R À cells as compared with wt or R þ cells (Figures 5c-e) . Rho-family GTPases have also been implicated in tubulin dynamics. We therefore examined the status of detyrosinated (Glu) tubulin, a hallmark of stabilized microtubules. Interestingly, the ratio of Glu-tubulin to total tubulin was markedly decreased in R À cells (Figures 5f and g ). Glu-tubulin was found to be predominantly associated with the anterior portion of the microtubule cytoskeleton in wt and R þ cells (Figure 5g , panels 1-3 and 7-9; note the distribution of yellow signals in panels 3 and 9). In contrast, only small amounts of Glu-tubulin signals were found in R À cells and this was found only in the central region of the cells (Figure 5g , panels 4-6), suggesting failure in asymmetric microtubule stabilization. Taken together, these results indicate that the absence of RECK leads to hyperactive Rac1 and Cdc42 and a failure in microtubule stabilization.
Proteolytic activity of RECK-deficient cells As RECK negatively regulates several extracellular metalloproteinases, loss of RECK may lead to excessive extracellular matrix (ECM) degradation. In fact, RECKdeficient mice have severely reduced interstitial collagen fibers (Oh et al., 2001) . We therefore examined the ability of R À cells to digest collagen or its denatured form, gelatin. First, we monitored collagen phagocytosis using collagen-coated fluorescent beads. No significant difference in activity was detectable between R À and R þ cells (Figure 6a ). Second, we examined pericellular gelatinolysis using a fluorescence-quenched gelatin (DQ-gelatin). In wt and R þ cells, gelatinolytic activity was prominent beneath the posterior half of the perinuclear region ( Figure 6b , panels 2, 5). In R À cells, on the other hand, strong gelatinolytic activity completely surrounded the nucleus (Figure 6b, panel 4) , and large aggregates of fluorescent material dragged by or left behind, the cells were formed (asterisk). Consistent with this finding, the amount of fluorescent material released into the culture supernatant was higher (B1.7-fold) in R À cells than in wt or R þ cells (Figure 6c ). This increase was largely suppressed when the cells were treated with either a broadspectrum synthetic MMP inhibitor GM6001 (GM) (Auge et al., 2003) or an endogenous MMP inhibitor, TIMP-1 (TP1) or TIMP-2 (TP2) (Nagase et al., 2006) (Figure 6d) . Hence, the elevated gelatinolytic activity in R À cells is likely to represent deregulated MMPs. Fibril formation and cell binding of fibrillar collagens are known to be mediated by fibronectin (Mao and Schwarzbauer, 2005; Kadler et al., 2008) . Immunofluorescent staining of non-permeabilized cells indicated a marked decrease in the amount of fibronectin fibrils Figure 4a , panels 1-3). Importantly, Rac1 and Cdc42 are significantly deactivated only when R À cells were plated on fibronectin (Figures 7e and f) . Hence, a large part of the R À phenotype in fibroblasts can be efficiently suppressed by exogenous supply of fibronectin. Partial suppression of the migratory phenotype of R À cells (that is, increased migration speed and decreased directional persistence) by exogenous fibronectin was also observed (Figures 7g  and h, bars 3 ).
Discussion
Absence of RECK expression has devastating effects on mouse development (Oh et al., 2001; Muraguchi et al., 2007) . Reduction in RECK expression in tumor tissues correlates with aggressiveness and poor prognosis of the disease in many types of cancer . Here we have shown that RECK deficiency is manifest at the single cell level. Fibroblasts lacking RECK (R À cells) show reduced cell-substrate adhesion and elevated pericellular proteolysis as compared with their RECK-expressing counterparts. Although R À cells largely retain their chemotactic ability towards PDGF, directional persistence in migration is severely affected. When observed by time-lapse microscopy, randomly migrating R À cells continuously extend and retract short processes in many directions and seldom form stable lamellipodia. This was the reason why a large fraction of R À cells showed ambiguous AP polarity in still images. The DQ-gelatin data ( Figure 6b , panels 2, 4, 5) suggest that a function of RECK may be to confine the pericellular proteolysis to the posterior part of the cell. MT1-MMP, a membrane-bound target of RECK, has been implicated in perinuclear fibronectin degradation and FA turnover (Takino et al., 2006) . Our preliminary 
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Y Morioka et al data from double-labeling experiments indicate that the ratio of RECK to MT1-MMP is higher in the anterior part and declines in the posterior part of the cell (Morioka et al., unpublished) . This raises the possibility that differential distributions of RECK and its target protease(s) may underlie the confined proteolysis. If RECK protects ECM beneath the anterior margin, it would help to sustain the tensile force between the cell and the substrate, which is known to be required for the growth of FAs (Geiger et al., 2001) . The circular gelatinolytic pattern seen beneath the R À cells (Figure 6b, panels 4) , the unstable FAs surrounding the cells (Figure 4a , panel 4; Figure 4b , panel 4) and the circularly oriented actin fibers along the cell periphery (Figure 4a, panel 5 ) support the idea that in the absence of RECK, a candidate leading process cannot secure a firm foothold, and therefore the endless 'tug of war' among multiple processes continues.
It is striking that exogenous fibronectin could suppress most of the phenotypes of R À cells, including elevated activity of Rac1 and Cdc42. This finding is consistent with the idea that the primary effect of RECK deficiency is ECM depletion rather than abnormal signaling events inside the cell. Formation of fibrillar adhesions, accompanied by fibronectin fibrillogenesis, is known to be important for directional migration (Geiger et al., 2001) . Purified RECK can directly inhibit MMPmediated fibroncetin cleavage (Omura et al., unpublished data). Thus, fibronectin may be a prime target in which integrity needs to be properly regulated by the RECK/MMP system during directional migration. Consistent with this hypothesis, fibronectin- (George et al., 1993) and RECK-deficient mice (Oh et al., 2001) share similar phenotypes, including mid-gestation lethality with defects in several tissues including the vascular system, neural tube and mesenchyme. It is presently unclear why fibronectin could suppress the migratory phenotypes of R À cells only partially (Figure 7g and h ). This may reflect imperfect experimental conditions (for example, lower than normal RECK expression) or requirement for other ECM components to be protected by RECK in wt cells. À cells onto collagen-coated glass had no effect on either migration speed or directional persistence while plating R À cells onto fibronectin partially restored the R þ phenotype. *Statistically significant difference (Po0.05; Student's t-test) from the data in bar 1.
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Why are Rac1 and Cdc42 activated in R À cells? RhoA is believed to induce stress fibers and FAs; Rac1 induces cell spreading and lamellipodia; and Cdc42 induces filopodia (Nobes and Hall, 1995) . Increased activity of Rac1 and Cdc42 in R À cells may reflect the continuous attempts, without success, of these cells to establish stable adhesions required for lamellipodia formation. This hypothesis predicts the presence of a negative feedback mechanism to switch off the GTPase once its task is achieved. We speculate that signaling from mechanosensing machinery (for example, through integrins) may play a major role in such feedback regulation. Although the type of events (formation of stress fibers, FAs, and so on) may be determined by specific GTPases in conjunction with actin-based machineries, the site of events (that is, polarity) is likely to be regulated by more global systems like microtubule-based structures. Microtubules and Rho-family GTPases are known to be regulated by each other: RhoA has been associated with microtubule depolymerization and Rac1/Cdc42 has been associated with microtubule polymerization (Wittmann and Waterman-Storer, 2001; Raftopoulou and Hall, 2004) . According to this view, hyperactive Rac1 and Cdc42 in R À cells may reflect increased microtubule growth. As our Glu-tubulin data (Figures 5f and g ) indicate a decrease in the amount of stabilized microtubules in R À cells, the rate of microtubule turnover may be abnormally high in these cells. This also fits with the model that R À cells continuously attempt to establish AP polarity without success.
Researchers often use tumor-derived cells for studying cell migration, especially when tumor invasion is an issue. In such cells the level of RECK expression is often minimal (Takahashi et al., 1998) . Our data with transformed or sarcoma-derived cells revealed that such cells behave like R À cells, with weaker spreading, ambiguous polarity, higher migration speed and lower directional persistence as compared with their normal or RECK-expressing counterparts (Figure 3) . The significance of such misbehavior by individual cells in cancer formation and progression needs to be evaluated. In particular, whether cancer cells misbehave similarly in 3-D culture or in vivo and whether fibronectin could also suppress such behavior are among the questions arising from our findings.
In summary, we show that RECK serves to regulate pericellular ECM degradation and helps to stabilize FAs and AP polarity in normal fibroblasts. Fibronectin may be a critical molecule protected by RECK in these events.
Materials and methods
Plasmids
A retroviral vector (LXSB) carrying a blasticidin-S resistance marker was used to introduce a human RECK cDNA (4 kb, Xho1-Hpa1) into MEFs. To express GFP-RECK, the 100-bp cDNA fragment encoding the RECK signal peptide and the 3.5-kb Eco RI-Mfe I fragment encoding the remaining part of the RECK protein were inserted in-frame into the sites upstream and downstream, respectively, of the GFP coding sequence of pEGFP-C1 (Clonetech, Mountain View, CA, USA). The plasmid expressing mRFP-RECK was constructed similarly using pmRFP-C1 (a gift from Dr Roger Y Chen). The plasmid expressing EGFP-vinculin (pEGF/V1-1066) (Coutu and Craig, 1988) has been described.
Cell culture, transfection and analysis of cell morphology MEFs from E10.5 mouse embryos were prepared, genotyped and maintained as described (Oh et al., 2001; Echizenya et al., 2005) . After retroviral gene transfer, transfectants were selected in medium containing 8 mg/ml blasticidin-S (Kaken Pharmaceuticals, Tokyo, Japan). NIH3T3 and HT1080 cells were maintained in DMEM supplemented with 10% FBS. v-K-ras-transformed NIH3T3 sub-line DT (Noda et al., 1983) and HT1080 cells transfected with pCXN2-hRECK or empty vector have been described (Oh et al., 2001) . FuGENE6 (Roche; transient transfecstion) or CalPhos Mammaliam Transfection Kit (Clontech; stable or co-transfection) was used for transfecting plasmid DNA (1 mg/dish). For microscopic observation, cells were plated onto glass-base dishes (27+, Iwaki, Chiba, Japan) with or without coating with acidified type I collagen (Nitta Gelatin Inc.) and/or fibronectin (Sigma, St Louis, MO, USA), incubated overnight, and 10-20 fields containing 5-10 cells each were recorded with a digital camera attached to a microscope (IX71 or IX81; Olympus, Tokyo, Japan). Cell spreading was estimated by measuring the areas occupied by the cell on micrographic images using ImageJ software (nX90 cells). Cell polarity was estimated by double blind inspection of micrographic images. The parameter 'polarity clear' is defined as the number of the cells with clear polarity divided by the total number of cells examined (nX90 cells). Two typical types of cells exhibiting clear polarity, that is, the direction of their migration can be predicted from their morphology, are illustrated in Figure 2d , inset. In some experiments, the standard error of the mean (s.e.m.) and P-value (Student's t-test) among micrographic fields were obtained. For PI-PLC treatment, the cells (5 Â 10 5 ) plated onto 35-mm plastic tissue culture dishes were incubated at 37 1C overnight in growth medium, and then the medium was replaced with serum-free medium or serum-free medium containing PI-PLC (Calbiochem, 50-200 mU/ml) and incubated for 0.5-4 h. Culture supernatants and cell lysates were prepared and subjected to immunoblot assay to detect RECK as described below.
Migration assay
The behavior of individual cells under a stable linear concentration gradient of PDGF (R&D Systems) was directly recorded using a Dunn Chemotaxis Chamber (Weber Scientific International Ltd, West Sussex, UK) (Zicha et al., 1991; Allen et al., 1998) . Briefly, cells plated on coverslips were incubated overnight in growth media and then serum starved. The coverslip was then inverted and set onto the chamber whose inner well was filled with serum-free medium. The outer well was filled with medium containing 0.1% BSA without (random migration assay) or with 100 ng/ml PDGF (chemotaxis assay), then the coverslip was sealed with wax. After more than 30 min incubation, cell migration was recorded from multiple fields every 5 min for 6 h using a Â 10 objective lens on an inverted DIC microscope (olympus, IX81) equipped with a CCD video camera (Hamamatsu, Shizuoka, Japan; ORCA-ER) and an XY-stage that was controlled with Metamorph software (Molecular Devices). Cell speed and directional persistence were calculated from a time series of coordinates (reference point: center of the nucleus) using Dunn's formula (Dunn, 1983) .
Immunofluorescent staining Cells (3 Â 4 10 ) were plated onto coverslips and cultured overnight before fixation with 5% sucrose/4% paraformaldehyde in PBS. To label FA components, cells were permeabilized with 0.2% TritonX-100 in PBS before staining. The pretreated cells were stained following a standard protocol using monoclonal anti-RECK (5B11D12), anti-GM130, anti-paxillin, anti-pFAK (Phospho-Tyr397) or anti-fibronectin (BD Transduction Laboratories, San Jose, CA, USA) antibody as the primary antibody and Alexa Fluor 488 goat anti-mouse IgG (H þ L) or Alexa Fluor 488 goat anti-rabbit IgG (H þ L) (Molecular Probes, Eugene, OR, USA) as the secondary antibody. Alexa Fluor 594 Phalloidin (Molecular Probes) was used for staining F-actin. To visualize stabilized microtubules, the cells were fixed in cold methanol (À20 1C) for 5 min and doubly stained using the rabbit anti-detyrosinated (Glu) tubulin (Chemicon) and mouse monoclonal anti-a-tubulin as primary antibodies and the aforementioned two secondary antibodies. The stained cells were recorded using a confocal laser-scanning microscope (Fluoview 300, Olympus).
Immunoblot assay and pull-down assay Immunoblot assay was performed as described earlier (Oh et al., 2001) . FAK activation was determined following the method of Sieg et al. (1999) . Briefly, serum starved cells were suspended after trypsin treatment, kept in suspension for 1 h in serum-free medium, plated onto regular tissue culture dishes, incubated for another 1 h, harvested using lysis buffer and subjected to immunoblot assay using either rabbit polyclonal anti-FAK antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) or mouse anti-pFAK (Phospho-Tyr397) antibodies. Activation of small GTPases was determined by pull-down assay (Ren et al., 1999) , using small GTPase activation kits (Cytoskeleton, Denver, CO, USA). Briefly, cleared cell lysates were incubated with PAK-1 agarose or Rhotekin RBD-agarose for 1 h at 4 1C; the beads were washed; and then bound proteins were eluted with SDS sample buffer. Bound Rac1, Cdc42 and RhoA were determined by immunoblot assay using a monoclonal anti-Rac antibody, monoclonal anti-Cdc42 antibody (BD Tranduction Laboratories) and monoclonal anti-RhoA antibody (Santa Cruz Biotechnology), respectively. Densitometric analyses of digitized blot images were carried out using Image J software. The level of detyrosinated a-tubulin in similarly prepared cell lysates was estimated by immunoblot assay using the anti-Glutubulin and anti-a-tubulin antibodies mentioned above.
Collagen phagocytosis assay
The activity of engulfing collagen-coated beads from the ventral side of the cells was assessed by the method of Arora et al. (2003) . Briefly, a suspension of FluoSpheres collagen-Ilabeled microspheres (1.0 mm; Molecular Probes; 9.6 Â 10 6 ) was spread over a 100-mm tissue culture dish and dried under clean air. The dish was rinsed with PBS, and cells (6 Â 10 5 cells) were plated onto the dish. After 1 h incubation, the cells were detached by trypsinization, rinsed with PBS and fixed with 70% ethanol on ice. After nuclear staining with propidium diiodide (20 mg/ml), the proportion of the cells that had incorporated fluorescent beads was determined using FACSCalibur (Becton Dickinson, Franklin Lakes, NJ, USA).
Gelatinolysis assay
Cells (1 Â 10 4 ) were plated onto glass-base dishes pre-coated with melted 1% gelatin solution containing DQ-gelatin (1:20 dilution; Molecular Probes), incubated for 20 h, and the intensity and localization of fluorescent material (cleaved gelatin) was examined by confocal microscopy. For quantitative assessment of solubilized gelatin, cells (1 Â 10 4 ) were plated onto 24-well plates pre-coated with melted gelatin containing DQ-gelatin (1:50) in growth medium or medium containing a protease inhibitor (GM6001 and its negative control (Calbiochem) at 10 mM; TIMP-1, TIMP-2 (Calbiochem, La Jolla, CA, USA) at 100 nM; Aprotinin, Leupeptin (Roche, Tokyo, Japan) at 10 mg/ml; E64 (Sigma) at 10 mg/ml). After 24 h incubation, the culture supernatant was collected and its fluorescence was determined using a fluorescence plate reader (Gemini EM; Molecular Devices, Sunnyvale, CA, USA; l ex ¼ 490 nm; l em ¼ 522 nm).
